SUMMARY Movement disorders are usually ofcentral origin, but sometimes involuntary movements occur after peripheral trauma. Twenty eight patients, 13 women and 15 men, mean age 37 years (range 15-78), were studied with dystonia or tremor in whom the onset of abnormal movements was related, in time and in distribution, to injury of a body part. Among 23 patients with latency of less than one year after injury, focal dystonia ofthe involved body part was found in 18, nine ofwhom had associated reflex sympathetic dystrophy (RSD). One offive patients with peripherally induced tremor had RSD. Abnormal electromyography or nerve conduction velocities were found in the affected limb in four patients, but other electrophysiologic techniques provided evidence for disturbed central function. In 15 patients (65%) possible predisposing factors may have contributed to the pathogenesis of the trauma induced abnormal involuntary movements.
Movement disorders are usually attributed to a dysfunction in the extrapyramidal system, but sometimes involuntary movements occur after an acute peripheral injury. Such peripherally induced movement disorders are rare when compared with the relatively high incidence of local limb trauma.'-5 One possible explanation for the relatively low frequency of movement disorders associated with peripheral injuries is that the causal relationship between injury and subsequent movement disorder is not recognised, it is dismissed as insignificant, or it is considered psychogenic. Another reason for the uncommon occurrence of peripherally induced movement disorders could be the possibility that special vulnerability or predisposition to motor disturbances is necessary before the involuntary movements become expressed. We therefore studied patients with traumainduced movement disorders with regard to possible predisposing factors.
Clinic, Baylor College of Medicine, Department of Neurology. Only patients with an obvious topographical and temporal relationship between the peripheral trauma and subsequent local movement disorder were included. In an attempt to exclude patients with remote or unrelated trauma, latency not longer than I year between trauma and the onset of a movement disorder was allowed (table 1) . We excluded five patients with rather convincing causal relationship between peripheral injury and subsequent movement disorder because there was a delay ofmore than 1 year after injury before onset of the movement disorder (table 2) . Patients with hemifacial spasm,6 segmental myoclonus,' edentulous orodyskinesias,8 and amputation stump dyskinesias9 were excluded because peripheral origin for these movement disorders is relatively well established. We have also excluded patients with head injury because direct damage to central nervous system (CNS) structures could not be ruled out.'°" Likewise, patients with spine injury with evidence of spinal cord damage were excluded. Although "psychiatric disease" may have contributed to the expression of the movement disorders in some ofour patients we made an effort to exclude patients with purely psychogenic movement disorders.
In addition to a detailed neurological examination, all patients were videotaped. Neurophysiologic studies including nerve conduction velocities (NCV) and electromyography (EMG) were performed in 18 patients, and somatosensory evoked potentials (SEPs) to stimulation of median and tibial nerves were measured in six patients. In five patients polyelectromyographic (PEMG) recordings with surface electrodes ofinvolved muscle groups were made and included recordings at rest, during attempted volitional movements of the affected body part, reinforcement manoeuvres and during phasic and tonic stretch (vibration) selected to illustrate the relationship between penipheral injury and subsequent movement disorder.
Patient 1 A 33 year old woman of Ashkenazi Jewish origin injured her right elbow when she hit the wall during a racquetball game. Immediately after the injury she had pain in the right elbow which radiated into the right forearm and fourth and fifth digits of the right hand. She had a weak grip and painful swelling and discolouration of her right forearm and hand.
Several sympathetic blocks transiently relieved the pain and reduced the purplish discolouration, swelling and tingling sensation. Because of pain, she wore a cast on the right forearm and elbow for a period of 10 months. Immediately after removing the cast she noticed a painless, involuntary flexion of the fourth finger gradually followed by flexion of the fifth and third digits (fig 4) . She had flexion-extension tremor of the right hand. Her handwriting deteriorated and eventually became illegible. She then underwent right ulnar nerve decompressive surgery, which was repeated several months later. In both instances, scar tissue was removed around the ulnar nerve at the elbow.
Seven years previously she had been hospitalised for psychosis and bipolar depression and was treated with high 1514 Jankovic, Linden (fig 8) . Vibration to the left quadriceps greatly increased the tonic activity in the ipsilateral tibialis anterior and triceps surae muscles (fig 9) . Because of persistent intractable left leg pain, a below-the-knee amputation was performed almost 7 years after the injury. Within 
Discussion
The involuntary movements in our 23 patients consisted of focal dystonia, tremor, or both, and occurred in the distribution of previous acute injury or surgery (table 1) . Among 18 patients with pre-dominant dystonia, the onset was in a hand or a forearm in seven, leg in eight, neck in two and oromandibular muscles in one. Four patients had tremor in hands and one had tremor in the legs. In this study we included only those patients with a latency between injury and the onset of movement disorder of less than 1 year; we excluded five patients with rather convincing history of posttraumatic dystonia but with a latency of more than 1 year (table 2). The purpose of our insistence on one year as the maximum latency between trauma and the movement disorder was to increase the likelihood that the involuntary movements were truly related to the peripheral injury. Marsden et al ' allowed up to 2 years and Schott3 accepted patients up to 8 years after trauma.
The movement disorders in our patients were clinically similar to those typically seen in patients with idiopathic dystonia or essential tremor. However, our patients differed in important ways. Besides the obvious temporal relationship to prior injury, all our patients had local pain at onset of the movement disorder and 10 had RSD. Furthermore, while idiopathic focal dystonia and tremor usually occur during a task-specific activity, at least at onset'2 the post-traumatic movement disorders seem to persist even at rest.
Patients with dystonia or tremor usually have no obvious cause for their involuntary movements, although in some cases specific aetiology may be identified. In our patients, no cause for their movement disorder was found except for peripheral injury, which was related in time and in distribution to the involuntary movement. Some patients may have had pre-existing subclinical or very mild movement disorder, which may have even contributed to the injury, and the injury merely triggered, not caused, the expression of the movement disorder. However, we were careful to exclude patients in whom the movement disorder caused entrapment or other peripheral nerve injury.
While most movement disorders are centrally generated, some are clearly due to peripheral aetiology. These include hemifacial spasm,6 segmental myoclonus,7 and involuntary movements of amputation stumps.9 It has also been suggested that spontaneous orofacial dyskinesias in some edentulous patients are a result of impaired dental proprioception.8 The "painful leg-moving toes syndrome," seen in patient 9, may have a mixed, peripheral and central origin.3 14 Central mechanism in our patient was suggested because the abnormal EMG activity (fig 2) was abolished by peripheral ischaemia, while tonic vibration increased the frequency and amplitude of the bursts (fig 3) , presumably by enhancing central afferent input. An analogous disorder is the "painful hand-moving fingers syndrome," seen in patient 12.' Peripheral trauma had been also implicated in other central nervous system disorders, including Parkinson's disease,3 16 multiple sclerosis'7 and even Creutzfeldt-Jakob disease. '8 Torticollis, a common form ofcervical dystonia, has been occasionally attributed to head, neck, and VIII or IX cranial nerve injury.'0 "-" However, in many instances the relationship between trauma and subsequent torticollis is difficult to establish and the final opinion is often influenced by psychologic and legal issues. Except for patient 19 with electric shockinduced2' bilateral hand tremor, no other patient in our series had pending litigation. Furthermore, psychological studies in our patients showed no evidence of malingering or psychogenic aetiology of their symptoms.
How does a peripheral injury give rise to a motor disturbance that is phenomenologically similar to a centrally generated movement disorder? The frequent association between peripherally induced movement disorders and pain suggests that the motor symptoms are analogous to peripherally induced central sensory phenomenon such as the phantom pain9 and certain forms of causalgia22~" Relevant to this issue is the observation that sectioning of the peripheral roots or nerves in experimental animals can change synaptic processing at spinal segmental and suprasegmental levels.25 Eccles et al26 and Loeser et al 27 28 showed that deafferentiation of cat and human spinal cord causes segmental neuronal and reflex hyperexcitability in the ipsilateral cord. These and other studies79 provide--evidence that altered afferent input into spinal cord or Jankovic, Linden brainstem may lead to reorganisation of the local neuronal circuitry and enhancement of evoked and spontaneous motor output, perhaps mediated via hyperexcitable gamma neurons.2"28 Whether this segmental neuronal hyperexcitability is a result of disinhibition, denervation supersensitivity, extopic excitation, ephaptic transmission, neuronal sprouting, or other mechanisms is unknown. Whatever the underlying cause, it is possible that the focal involuntary movements seen in our patients represent the clinical expression of spontaneous neuronal "burst" firing which follows partial central deafferentiation.
The peripheral trauma which preceded the movement disorders in our patients was acute, severe and well defined. However, in some patients with partially induced involuntary movements, the injury may be relatively trivial or subtle. For example, occupational cramp, a form of focal dystonia, may be associated with peripheral nerve injury related to the specific task such as excessive writing, typing, playing a musical instrument or other activities.'2303' Newmark and Hochberg3' found dystonic finger movements in 57 instrumental musicians. While none of their subjects had pain or sensory loss, Fry,32 in another series ofmusicians, concluded that pain was a major symptom in those who lost function in the muscles used to play the instrument. He termed the disorder an "overuse syndrome," and attributed it to a combination of increased intensity of playing, a faulty technique, and a genetic predisposition.
Predisposition, such as specific central susceptibility to altered afferent input, may be required for the movement disorder to occur and its low frequency in the general population may explain the relative rarity of peripherally induced movement disorders when compared with the high incidence of injuries. In our study we identified possible predisposing factors in 65% of patients. Perinatal problems and the use of neuroleptic medications, both of which can lead to delayed onset dystonia,33 34 were thought to contribute to the peripherally induced movement disorders in seven patients. Two patients had essential tremor and four others had family history of essential tremor or dystonia. AIDS related complex was thought to be a predisposing factor in one patient.35 While these conditions may be merely coincidental, we propose that they may alter normal central processing and that the peripheral trauma triggers the expression of an underlying neurophysiologic abnormality. This may also explain the progression ofthe movement disorder to contiguous body segments and to a more diffuse motor disturbance such as generalised dystonia in patient-1 and Parkinsonism in patient 19.3 Possible predisposing factors were also suggested in nine of 23 patients -with;traua-induced dystonia reported by Brin et al,5 and in four ofsix patients with "painful leg- 
